
Approved for public release; further dissemination unlimited

Preprint
UCRL-JC-151376

High-Redshift Clusters From
NVSS:  The TexOx Cluster
(TOC) Survey

S. Croft, S. Rawlings, G.J. Hill

This article was submitted to
Radio Galaxies:  Past, Present and Future
Leiden, The Netherlands
November 11-15, 2002

February 11, 2003

Lawrence
Livermore
National
Laboratory

U.S. Department of Energy



 DISCLAIMER
 
 This document was prepared as an account of work sponsored by an agency of the United States
Government.  Neither the United States Government nor the University of California nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United States
Government or the University of California.  The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or the University of California, and
shall not be used for advertising or product endorsement purposes.
 
 This is a preprint of a paper intended for publication in a journal or proceedings. Since changes may be
made before publication, this preprint is made available with the understanding that it will not be cited
or reproduced without the permission of the author.
 
 

 This report has been reproduced directly from the best available copy.
 

 Available electronically at     http://www.doc.gov/bridge   
 

 Available for a processing fee to U.S. Department of Energy
 And its contractors in paper from

 U.S. Department of Energy
 Office of Scientific and Technical Information

 P.O. Box 62
 Oak Ridge, TN 37831-0062
 Telephone:  (865) 576-8401
 Facsimile:  (865) 576-5728

 E-mail:    reports@adonis.osti.gov   
 

 Available for the sale to the public from
 U.S. Department of Commerce

 National Technical Information Service
 5285 Port Royal Road
 Springfield, VA 22161

 Telephone:  (800) 553-6847
 Facsimile:  (703) 605-6900

 E-mail:    orders@ntis.fedworld.gov    
 Online ordering:     http://www.ntis.gov/ordering.htm     

 
 

 OR
 

 Lawrence Livermore National Laboratory
 Technical Information Department’s Digital Library

 http://www.llnl.gov/tid/Library.html
 

 



� �������	��

����������������������
������ ��!#" $&% '�')(
* �+
 * 
-,/.0, 12�����3�4
�� 5 * .61878'��+��9:
<;

=3>@?BAC?ED#FHGJIK>�L�M NO=3>�?PAC?)Q�RTSVUXWZY�[]\4L_^�R`F�acb4dfeVWZUXUPg
hjilknmpoKqnrts�u�kwvyxzkK{�|	}Bv�~���onkwvpmpu�q����3����q�ow�j{C������������q��@��{f�3�K�zq�ow��{��`�����j�f��{<|��

�@� xz�<q�}��H�������zkz��on~��Hm�q�onu�{]���Zr�m� Cq���ilk¡mpowq�}�q�¢
u�{�|	}Bv£~H�zonk¡v�mpu�q���¤B�¡�@��k<�HmCif¥¦k¡mpv�}P{
��§ � �©¨© £� ªH«�{�¤��­¬j«B¬���®H{�|�¯Pi

°¡±�²�³�³�{C§���´3oK��}�x¡��§`v£~H�zon¢�q�ow�lµ<�Hmpv¶q�}��H�·§��@�¡q�ow��m�q�onu�{C§`¸�¹��H��{�¬�ª@ª©ª»º4��k¡m3if~��j ¼{
§`v£~H�zon¢�q�ow�z{f½	i¿¾�¹T¨©¨�ªj{<|�¯Pi

ÀÂÁ]ÃzÄ�Å�ÆtÇHÄ
È4ÉPÊ»ÈJÊzËtÌ�ËÎÍ�Ï�ÐBÑ�ÒwÊ�Ó»Ô¶È�Ì-Í4ÕlÖ�ÐBÓ�×@Ê�Ø�ÐtÑ�Ê�Ñ�Ùj×©Ê�ÓwÚ¦Ê�ÛBÑKÜ¼ÒKÜ�Ê�Ñ�ÙHÝ�Ó¡Þ�ÚPÜ�Ù©ÑKÙHÐBÓKß�Ê�Ñ�Ü�Û�ÒKÉBÊ»à�á<ÖBÖ
ÒwÙ
ÒKÓ¡ÞHßzÊ-ß�Ï�ÐBÑ�ÒKÊ�ÓKÑ�ÙHÝJâ�Þ�ÏãÞ�Ë¦Ü�Ê�Ñ�äBÈ4ÉBÊ�Ï�Ü�ÛBå Ñ�æTÊ�ÒXç�Ê�Ê�ÛèÓ¡Þ�ÚPÜ�Ù@Ñ�ÙHÐBÓwßzÊ�ÑfÞ�ÛBÚ�ÓKÜéßwÉ:Ê�Û@×¦Ü�Ó�Ù©ÛBêëÊ�Û�ÒwÑ
êÂÞ�åHÊ�ÒKÉBÜéÑ�Þ�ì�Ù�ç�Ê�ÓKÝ�ÐPÏJç�Þ�Ø:ÒwÙÂíBÛBÚOßzÏ�ÐtÑ�ÒwÊ�ÓwÑ�ç�ÉBÜéßwÉOêÂÞ�Ø:ì�Ù�ÒwÊ�Û@ÒwÜãÞ�Ï�Ï¼Ø#æ�Ê�Ùj×©Ê�Ó�Ï�Ù Ù©åHÊ�Ú�æ@Ø
ÙHÒKÉBÊ�Ó<ÑKÊ�Ï�Ê�ßnÒwÜ�Ù©ÛÎÒwÊ�ßwÉBÛPÜéî�ÐBÊ�Ñ�äJï�ØÎÜ�ÛtßzÏ�ÐtÚPÜ�ÛPâ�ßzÙ©ÛBÑ�ÒKÓ¡Þ�Ü�Û�Ò¡Ñ-Ý�Ó�Ù©êðÙHìPÒKÜéß�Þ�Ï�Ñ�ÐBÓ�×@ÊzØPÑ�ñ	È�Ì-ÍòÜéÑ
Þ�Û�ÊzË ÒKÓKÊ�êëÊ�Ï¼ØVÊ�ó�ß�Ü�Ê�Û�Ò�ç�Þ�ØVÒwÙ�íBÛtÚ�ß�Ï�ÐBÑ�ÒwÊ�ÓKÑ»Þ�Ò
ÉBÜ�â©É�ÓKÊ�ÚBÑ�ÉBÜ�ÝãÒ�ä3Ì�ÛBÊèÑ�ÐBß¡É+íBÊ�ÏéÚôñCÈfÌ<Íõ ö©÷HøHø ä ø©ù�ø©ö@÷¦ú ñôß�ÙHÛ�ÒnÞ�Ü�ÛtÑ�ÞjÒ<Ï�ÊjÞHÑ�Ò<Ù©ÛPÊëâ�Þ�ÏãÞjË ØÎß�Ï�ÐBÑ�ÒwÊ�Ó�Ô¶Þ�Ò�û:ü ú�ýÿþ Õ�Þ�ÛtÚÎÉTÞ�Ñ-æ�Ê�Ê�ÛVÚPÊ��
ÒwÊ�ßzÒwÊ�Ú ÐtÑ�Ü�ÛBâ�ÒKÉBÊ+Ö�ÐBÛ@Ø Þ�Êz×�����Ê�Ï�� ÚPÙ�×¦Üéß¡É Ô�Ö���ÕÂÊ	��Ê�ßzÒ�ä�
C×@Ê�Û Ü�Û ÒnÞ�ÓKâHÊ�ÒKÒKÊ�Ú Ú¦Ê�Ê�ì Ù©ì¦ÒwÜéß�Þ�Ï
Ù©æBÑKÊ�Ó�×HÞ�ÒwÜ�ÙHÛtÑ�ñ`ÉBÙ�ç�Ê�×©Ê�Ó�ñCÚ¦ÜéÑ�ÒwÜ�ÛBâHÐBÜéÑ�ÉBÜ�ÛPâOÒKÉBÊ�ß�Ï�ÐBÑ�ÒwÊ�Ó�â�Þ�ÏãÞjË¦Ü�Ê�Ñ
Ý£ÓKÙ©ê ÒwÉBÊÂæTÞHßwå âHÓKÙ©ÐPÛtÚ_ÜéÑ
ÚPÜ�ó�ß�ÐPÏ¼Ò�ñ·Ê�Ñ�ì�Ê�ß�ÜãÞ�Ï�Ï¼Ø�â©Ü¼×@Ê�ÛOÒwÉPÊ
ÒKÊ�ÛtÚ¦Ê�ÛBßzØ#Ù©Ý È�Ì-Í ÒKÙ:Ñ�Ê�Ï�Ê�ßnÒ-íPÊ�ÏéÚPÑ�ß�Ù©Û@ÒnÞ�Ü�ÛBÜ�ÛBâèê�ÐBÏ¼ÒwÜ�ìPÏ�Ê
Ñ�ÒwÓKÐBßzÒKÐBÓKÊ�ÑfÞ�Ò�Ú¦Ü���Ê�ÓKÊ�Û@ÒfÓKÊ�ÚPÑ�ÉBÜ�Ý£ÒwÑ�ä
����uë´�q�ow��k	
 â@Þ�ÏãÞ�Ë Ü�Ê�Ñ	�tßzÏ�ÐtÑ�ÒwÊ�ÓwÑ	�BÜ�ÛBÚPÜ¼× ÜéÚPÐTÞ�Ï�Ô¶ÈfÌ-Í õ�ö@÷HøHø ä ø@ù�ø©ö©÷Pú Õ�� â�Þ�ÏãÞ�Ë¦Ü�Ê�Ñ	��Þ�ßzÒKÜ¼×@Ê
� Ó¡Þ�ÚPÜ�Ù�ß�ÙHÛ�ÒKÜ�Û ÐBÐPê��¦â�Þ�ÏãÞjË¦Ü�Ê�Ñ�� ÑKÐPÓ�×©Ê�ØPÑ

� �������������� ��"!#�$�

%'&�()&+*-,/.�(1032547698�2;:3&"<=6>478�&�?3@A47@AB�CD&�(1(A,FEG6�6�CH0I276�?H&�2J.�B=2�KLB�(AB=M�@).9&�(ON387B�E$6�2LP5Q"RTS$&�CI?
?I6�25ND@A476U4�:V6LKU0D.	:H:V6�8�&�(1?I6�?W856�.T6�CX4J?D&�YZC3@1CIM[B=\]47:I6L&^M=6>B=\]N3876".�@127@AB�CH.TB�27K_B=(AB=M=,�S
4�:I69,UYZ@1(1(V856"K�&�@1C_032569\#03(D&�2�270D.	:_@1C_?I6947698�K_@1C3@1CIM'4�:V6;CVB=8�K`&^(1@12	&+4�@AB�CUB�\�47:I6ZK`&+4747698
N$B+Ya6�8b25N$6".T478�0IK/S-4�:I6c.�B=2�K_@).;6�d-0D&^47@AB�CFB=\�254	&+476`P�e=RfS3&�C3?g8769hDCI@1CIM�K_6"&�270I856�K_6�CX4�2
B=\JB=4�:V6�8`.�B=2�KLB�(AB=M�@).9&�(iND&^8	&�KL6�45698�2�j]kb:I6W.�0I87856�CX4F.TB�C3.�B�8�?D&�C3.�6lB=\'.�B=2�KLB�(AB=M�@).9&�(
.TB�C325478�&�@1CX4�2�S+:IB+Yi69<=698�S+CIB+YmK`&^n=6�2�@A4�\�6"&�27@AED(A6o47B'876�(A,>B�CL4�:V6b876�?303C3?3&�CD.T,UE$694pYi696�C
K_6"&�270I876�K_6�CX4qK_694�:IBV?I2oPsrXRO47BJ03256i4�:V6iN3856"?I@).�47@AB�C32tB=\347:I6i254	&�C3?3&^8�?UubvowyxzK_B-?I6�(
47B�456�274Z.�(10325456�8Z&^C3?|{J%y}~ND:X,-2�@).�2o8	&^47:I698�4�:3&�Cl4�:V6c8569<=698�256�j

�������3�p���V�q�T�X�9�c���p���T�_���J�t�����T�9�)���o�-���)���D�	� �=���^���D�+�����������9�



vi(10325456�872�S96�25N$6".�@)&�(1(A,y&^4q:3@AM�: 856�?327:3@A\�4"S�&^876�?I,VCD&^K�@).�6"C�<V@A87B�CIK_6�CX4�2�S�87@A\�6�YZ@A47:cK_6987M �698�2lP��VRfSqMX&^()&+*V, :D&^8�&�272�KL6"C�4lP��=RTSt6�C3:D&�C3.�6�? 254	&+8U\�B=87K`&^4�@AB=C P���RTSq47@1?D&�(a254787@AN3ND@1CIM
P	�=Ri&^C3?lB=47:I698bN387BI.T6�27256"2oY�:3@).	:g478	&^C325\�B=8�K K_B=87N3:IB�(AB=M=,F&^C3?|25476�(1()&^8iN$B=N303()&^4�@AB=C32�j
x &^CX, B�\i4�:V6"256�NI87BI.T6�27276�2c:I@1C3?I698c4�:V6[@1?I6�CX47@AhG.9&^4�@AB=C B=\o.9(10I2745698�2�S�&�2>&�(1(]KL6�47:IBV?32
K`&^n=6�@1KLND(1@).�@A4]&�272703K_N347@AB�C32�&^E$B�0I4]Y�:D&^4 & .�(1032547698]2�:VB�03(1?_(AB-B=nU(1@An=6�S�&�C3?L4�:I6�C_4587,
47BghDC3? B=E�
p6�.T472y\#03(Ah3(1(1@1CIMg270D.	: .�87@A47698�@)&IS$K`&+nV@1CIMg6"&=.	: K_694�:IB-? 270IE�
p6�.T4y47B P�B=\�476�C
@1(1( � 03C3?I69872745B-BV?$Ra256�(A6".T4�@AB�CF6
�$6�.T472"j

� :3@1(1254a8�&�?3@ABU276�(A6".T4�@AB�C�B�\t.�(1032547698�2a?IBX6"2iCIB�4aB���698i&��7.�(A6�&^C��>K_694�:IB-?[EX,�YZ:3@).	:�47B
.TB�C32547870D.T4'&�CH0ICXED@)&�256�? .�(1032547698J2�&�K_ND(A6�SD47:I6L256�(A6".�47@AB�C|6
��6".T4�2J&^876L&^4J(A6"&�254J?3@��$698 �6�CX4"S�&�C3? 47:I6_()&=.�n|B=\ ?303254'B�ED2�.90V8	&^47@AB�C @1CH47:I6L8	&^?3@ABg6�CD&+ED(A6�2yB�CV6L45BgN387B=EG6_:3@AM�:
876�?327:3@A\�472;K_B�876c6�&^2�@1(A, P��XRfj��Z&�?3@AB�MX&�()&+*I@A6�2o456"CI?/47B`E$6U(ABI.9&^456"?/@1CW.�(10325456�872 P����qQ
�XR
&�C3? (1@1CVnV2cE$694pYa6�6�C .�(1032547698>\�B=87K`&^4�@AB=C &�CI? 8	&�?I@AB=MX&�()&+*-, 458�@AM=M=6987@1CIM P5Q=Q"R &^856[6�* �N$6".T476�?`@1C�4�:I6;?I,VC3&�K�@).b6�CX<V@A85B�C3K_6�CX472�CIB=476�?[&^EGB+<=6�j�kb:3@12 K`&^n�6"2]4�:I6J.TB�K_NG&^87@125B�C
B=\ 8	&�?I@AB � 256"(A6".T476�?|.�(1032547698�2bYZ@A4�:|47:IB�256>?I69456�.T456"?|EX,gB=4�:I698;KL6�47:IBV?32;&�CW&^47458	&=.T4�@A<�6K_6"&�C32yE-,WY�:3@).	: {J%y} 478�@AM�M=698�@1CIMGSG\#0V6"(1(1@1CVMGSG69<=B�(10I47@AB�C�S�?I0I4p, .T,I.�(A6�S$B=ED2�.�0I8�&^4�@AB�C
&�C3?l6�CX<-@A87B�C3KL6"C�4�K`&�,FEG6>254�03?3@A6�?�j

� ���! "�# �$&%'$)(+* �-,��. X�0/1�2%3(5426��q�87� :9

kb:I6`.�B=2�K_@). 69<=B�(10I47@AB�C B�\a4�:I6�8�&�?3@AB�25B�0V8	.T6_N$B�ND03()&^47@AB�CmP5Q"e=RJ270IM=M=6�254�2'4�:3&^4c27B=K_6
:3@AM�: � 856�?327:3@A\�4�.9(10I2745698�2tY�@1(1(X.�B=CX4	&�@1Cc2569<=698	&�(=8�&�?3@AB � (AB�0I?c{J%'}>j<;a, 4�&^87M=69454�@1CIM;@1K�&^M �@1CIM B=E3276985<�&+4�@AB�C32`45B+Yb&^87?32`hI6"(1?I2g.TB�CX4	&^@1C3@1CIM B+<=698�?V6"CI2�@A47@A6�2�B=\'8	&�?I@AB�25B�0I8	.T6�2�S]Yi6
B�0IM�:�4;45B`E$6L&^E3(A6>45B[?I69476".T4J270D.	:H.�(10325456�872�jGkb:V6 kt69*>=;* P kt6�*3&�2@?�=Z*V\�B=87?$R�vi(1032547698
A-0I85<=69,W0I47@1(1@1256"2Z47:3@12;476".	:3C3@1d-0V6 EX,/256�&+8	.	:3@1CIM[\�B=8CBD�FE B+<=698 � ?I6�C327@A4�@A6�2J&^4GB KIH�,
(A69<=6�(12�@1C5�<J.K��<J=E$B�*V6�2 Y�@A4�:3@1C 47:I6�}MLGA�A>8	&^?3@ABc.9&^4�&�(AB=M�0V6 P5Q9rXRfS+hDCI?3@1CIM>r�r3QaYZ@A47:3@1C
&�C Q=Q�eN�L?I69MPOZ25n-,g&^856�&|P�QQ�-RTj

kb:I6 kM=cv &^(AM=B=8�@A47:3K &�(1(AB+YZ2[6"&=.	: 25B�0I8�.T6 47B E$6 & K_6�KUE$698gB=\cCIBmK_B=856 4�:D&^C
B�CI6yB�<=698�?I6�C327@A4p,�j-ko:3@12iN38569<=6�CX4�2i()&^85M=6JB+<=698�?I6�C327@A47@A6"2 \�85B�K E$6�@1CIML?I69476".T476�?F256�<�6�8�&�(
4�@1K_6�2�S$&^854�@AhG.�@)&�(1(A,g@1CD.T876"&�27@1CIM`4�:I6 C-03KUE$698;B=\���876"&�(R�[.�(10325456�872J?I69476".T476�?�j��Z03CIC3@1CIM
4�:I6okS= v &�(AM=B=87@A4�:3K~KU03(A4�@AND(A6�47@1K_6�2qB�Cc8	&�CI?IB�K 27@1K 0I()&^4�@AB�CI2tB�\34�:I6i2�&�KL6i25n-,>&^856�&
P#Y�@A4�:W47:I6L2�&�K_6 25B�0I8�.�6 ?I6�C327@A4 ,DRZ&�2;B�CV6 B�\�4�:V6 8569M�@AB�C32ZB=\�47:I6U876"&�( kS= v 2�0V87<=69,
876�2703(A476�?l@1C|&`%'&�032727@)&�Cl?I@127458�@AED0V4�@AB�CFB=\ CX03KUE$698bB=\ .�(1032547698�2b?I69456�.T456"? j3kb:I6 K_6"&�C
B=\�4�:3@12'%'&�032727@)&�C�S����IjT�VSDYb&�2Z<=6987,|27@AM�C3@AhG.9&�C�4�(A, P	BU��EtRb(A6�272;4�:3&�CW4�:V6LCX03KUE$698;B=\
.�(1032547698�2�S Q.��r3SV\�B�03CI?|@1Cl4�:V6>2�&�KL6 8769M�@AB=CgB=\q4�:I6>}VLGA�A�j

� 6L.TB�CD.�(103?V6XSD4�:V6�8569\�B=876�SD47:D&^4'&+4yK_B�254CBW���YXZ��[ B=\ kS= v~.�(10325456�872y&^856L.	:D&�C3.�6
270IN$6987N$B=2�@A47@AB�C32LB=\J03CI876�()&^456�? 8	&�?I@AB�25B�0I8	.T6�2�j&\ZB�Yi69<=698"S K�&�CX, B=\;47:I6�256|h36�(1?32�&^876
6�*VN$6".T476�?/45Bg.TB�CX4�&�@1CW&^4;(A6"&�254ZB�CV6>876"&�(q.�(1032547698;?30I6>45B[47:I6U:3@AM�:|N387B=ED&^ED@1(1@A4p,F4�:3&^4
69<=6�C/2�@1CVM�(A6 8	&�?3@AB=27B=0I8	.T6�2�K`&�,gE$6>\�B=03C3?/@1CW.�(1032547698�2>P &�C3?/69<=6�C|@A\]&�(1(�25B�0V8	.T6�2;&^876
&^4 ?I@���69876�CX4>856�?327:3@A\�4�2�SqkM=cv @122B]�|4�@1K_6�2>K_B=876`6
^[.�@A6"C�4>47:D&�C (AB-B�nV@1CIM &+87B�03CI?
@125B�()&^476�?g25B�0I8�.T6"2fRfj�_�C325N$6".T4�@AB�CgB=\q4�:I6c}MLCA�AF8�&�?3@AB_K`&^ND2b2�0VM=M=6�254�2b47:D&^4`B~eN�:[ B=\

e



kS= v h36�(1?32�&^876�6�*V476�C3?V6"?>25458�0D.T4�0V876�2q856�27B=(A<=6�? EX,c}MLGA�A @1CX45B;256�<�6�8�&�(�.�B=K_N$B�CI6�CX472�S
(A6"&"<V@1CIM B eN� [zB=\�h36�(1?32y45B|.TB�CX4	&^@1C &^4y(A6�&^274J4 YiB Ps&�C3?HN$B=456"C�4�@)&�(1(A,|K`&�C�,WK_B=876+R
ND:X,V27@).9&�(1(A, � 856�()&^476�?m8�&�?3@AB�25B�0V8	.T6�2"j kb:I@12gK_6"&�CI2[4�:D&+4FYi6HYiB�0I(1? 6�*VN$6".T4lkM=cv 47B
?3@12�.TB+<=698 � ���ch36�(1?32o.TB�C�4	&�@1C3@1CVMU4pYaBUB=8iK_B=856J8	&^?3@AB�25B�0I8�.�6�2i&^4a4�:I6y2�&�K_6;876�?327:3@A\�4�j

;a, 4	&^85M=694747@1CIM;4�:IB=276ah36�(1?32�Y�:I69876iCIB=CI6iB=\34�:V6b}MLCA�Ac27B=0I8	.T6�2 &^876i@1?V6"C�4�@Ah36�?>B=CU47:I6
� =CA�A � _ _]P5Q8�=R @1K`&^M=6�2�S�Yi6i&^876i&^ED(A6 47B;N38569\�6�856�CX4�@)&�(1(A,;4	&^85M=694q:3@AM�: � 856"?I2�:I@A\�4 .�(1032547698�2�j{;85B�03C3?Lr�� [ B=\G}MLCA�A>25B�0V8	.T6�2�:3&"<=6 � =GA�A � _ _t.TB�03C�476987NG&+874�2oP5Q.��RfS+25B &�272703K�@1CVMJYi6&^876J&^ED(A6�47B>876�K_B�<=6�4�:I6Z6�*V476�C3?I6�?`27458�0D.T470I876�2 K_6�CX4�@AB�CV6"?`&^E$B�<=6Z\�87B=K 47:I6J2�&�K_ND(A6�S
4�:I69856|@12 B�C3(A, & Q<��[ .	:D&^CD.T6l4�:3&^4�&HM�@A<=6�C h36�(1? B=\ �/8	&�?I@AB�25B�0I8	.T6�2UYiB�03(1? :D&�<=6
CIB � =CA�A � _ _c@1?I6�CX47@AhG.9&^4�@AB=C32 @A\�4�:I6g8	&�?I@AB�25B�0I8	.T6�2UYa6�856g8	&�CI?IB�K�(A, ?3@125458�@AED0I456�? @1C
876�?327:3@A\�4�j�kb:3@12 � =CA�A � _ _J.�B=C325478	&^@1CX4`P � =CA�A � _ _y.9&�C 25696����UM�&�()&+*I@A6�2 &^4��
	 ��� rXRfS
4�:I6
�'B Q;K_6�?3@)&�C�876�?327:3@A\�4 B=\t}MLGA�A�25B�0I8	.T6�2�S-&�C3?`4�:I6;\ &=.T4a47:D&^4a4�:V6 kM= v � J K � J
E$B�* 27@��96g@12L.TB�K_ND&^8	&^E3(A6F45B 47:I6g2�@��96FB�\;& .�(1032547698L.TB=876l&+4�� � ��� eISqK_6"&�C32U4�:3&^4
kS= v @12b:3@AM�:3(A,[6
^[.�@A6�CX4�&^4bhDC3?3@1CVM`:3@AM�: � 856�?327:3@A\�4Z.�(1032547698�2�j

wJ6969NFB=N34�@).9&�(G@1K`&^M�@1CIMgPsr�� ?3���>K�@1C-0I456"2 N$698iEG&�C3?g@1C�� &�CI?���&+4i4�:V6 x .9w;B�CD&�(1?
eIjT� � K @1C &^87B=03C3? Q�r�� h36�(1?32fR`Yo&�2l03256�? 47Bm256�(A6".�4|&+87B�03CI? eN� N385B�K�@127@1CIM :3@AM�: �876�?327:3@A\�4 .�&^C3?3@1?D&^456�2U\�B�8 CI6"&^8 � _ � \�B�(1(AB+YZ0VN @1C�� &^C3?�� &^4>4�:I6/vi&�()&^8U{;(A47B r3j � �K/jt{J?3?3@A47@AB�CD&�(1(A, 25B�KL6�� ?D&^4�&|Yb&�2cB=E34	&^@1CI6�? &+4����C_ ��k Sq&�C3? ?I696�NG6�8�Sq:I@AM�:I698 �876�25B�(10I47@AB�Cg8�&�?3@AB�K�&^ND2bYZ@A47:l47:I6CL���{ j

� � % (! #"��$�%�'&(�*)��+"�� �-,/. ��!10�� �< -�-,.��!32 �` :* �-,��. X�54

=JCI6 NG&^8747@).�03()&^8�(A, N387B=K�@127@1CIM :3@AM=: � 876�?327:3@A\�4 .�(1032547698 .9&�C3?I@1?D&^476 Yb&�2
kS= v H:��e�r=r3j r76yr���eVQ=S & h36�(1? @1C Y�:3@).	: 4�:I6 8�&�?3@AB�25B�0V8	.T6�2[Yi69876H@1?I6�CX4�@Ah36�? Y�@A4�:
MX&�()&+*V@A6"2�B=\'�98 Q.�3S:�
8 eF�3S5�;8~e �Gj =J0I8�.TB�(1()&^E$B=8�&^47B�8�2 @1C[vo&�KUEI8�@1?IM=6iB=ED256987<=6�?
4�:3@12ih36�(1?[YZ@A4�:F47:I6C��,V(A6'kt6�(A6�2�.�B�N$6 &�C3?gKL6�&^2�0V876�?l&gQ.�_% \<�+A>=H?V6�.T856"KL6"C�4cP�Q<��R
B=\@?`�N�:�BA H�,�SD&^4Y�FE 27@AM�C3@AhG.9&�C3.�6�S3.TB�CI2�@125456"C�4bYZ@A4�:l4�:V6cN3876�256�CD.T6cB=\�&�.�(1032547698�Y�@A4�:
&_K�@1C3@1KU03K MX&�2bK`&�272bB=\ � K Q.�:C3DFEHGmP�Q.��RTj

kb:I6ZK`&^M�C3@A4703?I6�2]B=\�4�:V6Z8	&�?I@AB=MX&�()&+*V@A6"2�254785B�CIM�(A, 270IM=M=6�254�47:I6ZN3856�276�CD.T6ZB�\ &>.�(1032547698
&^4I� � Q�� &^47456�K_N34�2y47BlB=E34�&�@1C 25N$6".�4587B�2�.TB=ND@).U876�?327:3@A\�472'B=\ 4�:I6`}VLGA�AH@1?I6�CX4�@AhD.�& �4�@AB�CI2o0I2�@1CVM2_1A _1A�B�C[4�:I6 � \Jk 876�2703(A476�?F@1C`4�:I6'?V6�456".�47@AB�C`B=\�\ &�@1CX4a856�?l.TB�CX47@1C-0303K
@1C 47:I6l\�B�0I8_E387@AM�:X476�254�.9&�256�2"S�ED0I4�CIB 69<V@1?I6�CD.T6lB=\;6�K�@12727@AB�C (1@1CI6�2�j � 6/03256�? 47:I6
ND0IED(1@).�(A,_&"<^&�@1()&^ED(A6�25B=\�4 Yb&^856KJML�N+O$P#QFP5Q.��R 45B>B�E34	&�@1C_ND:IB�47B�K_69458�@).o876�?327:3@A\�472 0327@1CIM
B�0I8SR��
���#�T� ND:IB�47B�K_694587,m&^C3? ?I6947698�K�@1CV6"? E$6�254 � h34`856"?I2�:I@A\�4�2�B=\/� B Q5� � @1C
\�B�0I8i.9&�256�2�S�&�C3?U�'B Q5� � \�B=8�4�:V6;856"K�&�@1C3@1CIMc8�&�?3@AB=M�&�()&+*V,�j�kb:I6ZE$6�254a25B�(10I47@AB�C32�Ya6�856
r�? �V���U6�(1(1@AN347@).9&�( 476�K_N3()&^476�2 @1C 4�:I6�\�B=87K_698U.9&�256�2�S�&�C3? &We5���IAP�|@1C 4�:I6`()&^4745698"j
=JCI6 B=\�47:I6 6�(1(1@AN34�@).9&�(12i:D&�2Z&LNGB-B=8�(A,g.TB�C325458	&�@1CI6�?F876�?327:3@A\�4Z&�C3?|@12Z.TB�CI2�@125456"C�4bY�@A4�:
E$6�@1CIM[&^4W�'B QX� �3j

kb:I6g.�B=C327@127456�CD.T, B�\b4�:I6[ND:IB�47B�K_69458�@).�856�?327:3@A\�4�2>2�0VM=M=6�254�2>4�:D&+4L&^4U(A6�&^274>47:I87696[B=\

r



�]Ü�âPä ú ä¦È4ÉPÊ������ ÓKÊ�ÏãÞ�ÒwÜ�ÙHÛ�ñ¦Ñ�ÉBÙ�çfÜ�ÛBâ�ÒwÉBÊlÚBÞ�ÒnÞ-Ý�ÙHÓ��HÍ��
	nñ��©Íq��	
	¡ñ��HÍ���	�	
	¡ñ��@Í�
�ñ��@Í � Þ�ÛBÚø Í���� Ôpß�Ó�Ù@ÑKÑ�Ê�Ñ¡Õ�Þ�ÛBÚ-ÒwÉPÊ æ�Ê�Ñ�Ò ��íPÒJæ�ÊzÒZç�Ê�Ê�Û�� Þ�ÛtÚ<Ï�ÙHâ C
� ûfÝ�Ó�Ù©ê�� Ü�Ï�Ï�ÙHÒ�Ò]ÊzÒCÞ�Ï¶äjÔ ÷�� Õ¡äHÌ�ì�Ê�Û
ß�Ü�ÓKß�Ï�Ê�ÑfÞ�ÓKÊ�ÒKÉBÊ�Ó¡ÞHÚ¦Ü�Ù©â@Þ�ÏãÞ�Ë Ü�Ê�Ñ4Ý�Ó�Ù©ê È�Ì-Í õ ö©÷Hø©ø ä ø©ù-øHö@÷¦ú ñ¦ÐBÑKÜ�ÛPâëìPÉBÙHÒKÙ©ê�ÊzÒwÓ�ÜéßlÓ�Ê�ÚBÑ�ÉPÜ�Ý£Ò¡Ñ�ä
4�:I6J8�&�?3@AB=MX&^()&+*I@A6�2�K`&",_E$6yK_6�KUE$698�2 B=\t&U25478�03.�470I876y&^4@�'B QX� � �=4�:3@12a@12i270IN3N$B�87476�?
E-,/4�:V6"@A8JN$B=2�@A47@AB�CWB�CW4�:V6L8�&�?3@AB=MX&^()&+*V,T� ? �g?3@)&^M�8	&�K P���@AMGj�Q�RTj��I87B�K 4�:V6_@1CX456 �M=8	&+476�? Q=j � % \<�`8	&�?I@AB��D0-*V6�2"S Ya6`B=EI4	&�@1C 856"254 � \�8	&�K_6/Q=j � % \<�[(103K�@1CIB�27@A47@A6"2MC/B=\
B Q.� O�� � \W�! $C 258" $C�Sq.�(AB�256`45BW4�:V6#� � � _%$F_ _JE3856�&+n PseN��RTj =JCI6`B=\o4�:I6`6"(1(1@ANI4�@).9&�(12
:IB�254�2]&J8	&^?3@AB�25B�0I8�.�6aYZ:3@).	:L@12].�(A6"&^87(A,U&^C&�&� � _ _�\�87B�K B=0I8 �c% \<� L
�t{ K`&^N32�P#Y�@A4�:
&�N387BN
p6".�456�?W27@��96>B=\ZQ � ��n-N�.�R �G47:I6U856�274y&+876 .TB�K_NG&�.�4;?IB�0VED(A6�2;B=8y&^856 03CV876�25B�(A<=6�?�j
koYaB B=\$47:I6Z25B�0V8	.T6�2�&^N3N$6"&^8]45Bc:D&"<�6�?3@12547B=85476�?&� � � _�4p,-NG6ZK_B=85ND:IB�(AB�M�@A6�2"S^&^2]K�@AM�:X4E$6c6�*VN$6".T476�?|@A\t4�:I69,FYa6�856c@1C/.�(10325456�872�SVB=8bN$698�:3&^ND2�M=85B�0IND2b\ &�(1(1@1CVM_@1CX45B`&�.�(1032547698"j

{J(A47:IB�0IM�:l@A4�25696�K�2bN385B=EG&^E3(A6'4�:D&^4b4�:I6+A�=H2�@AM=CD&�( @12�&�2727BV.9@)&+476�?FYZ@A47:l47:I6c@1CI\�6987856"?
B+<=698�?V6"CI2�@A4 ,>B=\�8	&^?3@AB=MX&�()&�*I@A6�2]&+4 �+B Q5� �GS�@A4�@12]B=\O.TB�0I8�256bN$B�2727@AED(A6�47:D&^4 @A4�@12�&�2725BI.�@ �&^476�?cYZ@A4�:U&;.�(1032547698 &^4 &;?3@��$69876�CX4q856�?327:3@A\�4"j8_�CL&^C &^45476�K_N34q45By?I69456�.T4q4�:I6i27@AM�C3&^4�0I856
B=\o47:I6`N3876�256�CD.T6`B=\�&/.9(10I2745698>Ya6F&^856[270IED254	&�C�4�@)&�(1(A, &�@1?I6�? E-, 4�:V6g&"<^&�@1()&^E3@1(1@A4p,/B=\
?I6969N 8	&^?3@ABGS B�N34�@).9&�(�&�CI? _ � ?D&^4�&3S ED0I4>:D&�K_N$69856"? E-, 47:I6[()&=.�nHB=\o25N$6".T4785B�2�.�B�ND@).
876�?327:3@A\�472"jF_�C_&^C_&^45476�K_N34 45B @1?I6�CX47@A\�,>&'.�(1032547698�876�?L256"dX0I6�CD.T6XS�Ya6oND(AB=45476�?L&y.TB�(AB�0I8 �K`&^M�CI@A4�03?I6i?I@)&^M=8	&^K~\�B=8q4�:VB�256iB=E�
p6".�472�@1C>47:I6ah36�(1?>YZ@A4�:cE$B=47:�� &^C3? � ?I69476".T4�@AB=C32
&�C3? K`&^M�C3@A4703?I6�698787B�8�2(' ��� r3jtkb:V6`876�2703(A4�@1CIMHeN� �[B=E�
p6".�472U&+876`2�:VB+YZC @1C)� @AMDj�eVj
kb:I69856/@12 N$698�:D&+ND2`& :3@1C�4_B=\Z4pYaB 856�? 256"dX0I6�CD.T6"2.��4�:I6l876�?3?I698`.TB�C�4	&�@1C32_rHB=\;47:I6
8	&�?I@AB�25B�0I8	.T6�2 &^C3? @12U2�@1K_@1()&^8>@1C .�B=(AB�0I8 &�C3? K�&^M�C3@A4703?I6[45B 47:D&^4 25696"C E-, ��B=2	&+4�@
694y&�(�j�Pse�r=Rb@1CW& �+* Q5� eN�`.�(1032547698"jDkb:I6U(AB�Yi698�856"?I2�:I@A\�4Z876�?W256"dX0I6�CD.T6 .TB�CX4�&�@1C32�47:I6
B=4�:V6�8b4pYaB_8	&^?3@AB�25B�0I8�.�6�2cP .�B=C327@127456�CX4bY�@A4�:g4�:V6cN3:IB=47B=K_69478�@).J856�?327:3@A\�4Z&�CD&�(A,-2�@12fRfj

};03K>E$698;.TB�03CX472bB=\�B�E�
p6".T4�2o\�87B�K B�0I8y%;6"K_@1C3@q%'x0=CAF@1K`&^M=6'B�\�47:3@12bh36�(1?|27:IB�Y &
27(1@AM�:X4 6�*3.T6�272 B+<=698 MX&�()&�*V,>C-03K>E$698�.TB�03CX472 B=E34�&�@1CI6�? E-,>B=47:I698�&^0I4�:IB�8�2�P�e �-R�&^4-, J B
eN�3S+N$B�2727@AED(A, &�2727BV.9@)&+476�? YZ@A47:_47:I6Z@1CV\�6�85876�? �+B QX� �y27458�0D.T470I876�S^ED0V4�4�:V6�N3856"256�CD.T6bB=\
&;.�(10325456�8�&^4 �'B Q5� �;@12�&�(1K_B�254t@1K_NGB�272�@AE3(A6�47BJ&�2�.T69874	&^@1C \�87B�K 4�:I6�256a?D&^4�&Z?I0I6a45B;47:I6

C�. ÑKÑ�ÐBê�Ü�ÛPâ�ÞëÑ�ìTÊ�ßzÒKÓ¡Þ�ÏôÜ�ÛtÚPÊzË0/#1 ö ý32 ñ¦çfÉPÊ�ÓKÊ547698;:  �<

�



�]Ü�âPä ÷ ä�Í�ÙHÏ�Ù©ÐBÓ���êÂÞ�â©ÛPÜ¼ÒwÐtÚ¦Ê�ÚPÜãÞ�âHÓ¡Þ�ê8Ý�ÙHÓ
� Þ�ÛtÚ � ÚPÊzÒwÊ�ßnÒwÜ�ÙHÛtÑ2Ü�Û ÒwÉPÊ�íBÊ�ÏéÚ
Ù©ÝëÈ�Ì-Í õ�ö@÷�ø©ø ä ø@ù�ø©ö©÷Pú Ôpß�Ó�Ù@ÑKÑ�Ê�Ñ¡Õnä�È4ÉPÊ
àfá-ÖBÖ�Ó¡ÞHÚ¦Ü�Ù©â@Þ�ÏãÞ�Ë Ü�Ê�Ñ�Ü�ÛÂÒwÉPÊlíBÊ�ÏéÚèÞ�Ó�ÊlÒKÉBÊ
íBÏ�Ï�Ê�Ú�ß�Ü�ÓKß�Ï�Ê�Ñ�äjÈ4ÉPÊ�ÚtÞ�ÑKÉPÊ�Ú<Ï�Ü�ÛPÊ�ÑJÓ�Ê�ìPÓKÊ�Ñ�Ê�Û�Ò
ß�ÙHê�ìBÏ�ÊzÒwÊ�ÛPÊ�ÑKÑ�Ï�Ü�ê�Ü¼ÒJÊ�Ñ�ÒKÜ�êÂÞ�ÒKÊ�Ñ Ô�� ü ÷Pú�ý �
Þ�ÛBÚ � ü ÷jþBý � Õnä

�]Ü�âPä ø ä���Ü��TÊ�ÓKÊ�Û�ÒKÜãÞ�Ï ú ä þ ���	� Ó¡Þ��
ÚPÜ�Ù Ñ�Ù©ÐBÓKß�Ê ßzÙ©ÐPÛ�Ò¡Ñ Ü�Û ÒKÉBÊ�íPÊ�ÏéÚ Ù©Ý
È�Ì-Í õ�ö@÷�ø©ø ä ø@ù�øHö@÷Pú Ô¶Ñ�Ù©ÐPÓwß�Ê�Ñ õ Ø  $C
Ñ�Ó  $C Õnñ ß�ÙHê�ìTÞ�ÓKÊ�Ú ç�Ü¼ÒwÉ ÒKÉBÙ©ÑKÊ Ý£ÓKÙHê
� 	 ��Ö È Ô ÷¦ú Õ&Þ�ÛtÚ . È]
�Ö�
 Ô ÷H÷ Õ
�
ÚPÙ�Òp�XÚBÞHÑ�ÉBÊ�Ú­Þ�ÛBÚ ÚBÞHÑ�ÉBÊ�Ú Ï�Ü�ÛPÊ�ÑEÓ�Ê�Ñ�ì�Ê�ß��
ÒwÜ¼×©Ê�Ï¼Ø@ä

\ &�@1CX47CI6�2�2�B=\D4�:I6iB=E�
p6".T4�2�S�47:I6�()&+87M=6i2�0V87\ &=.T6b?I6�C327@A47@A6"2�B=\DEG&=.�n-M=85B�03C3?UMX&�()&�*I@A6�2"S�&�CI?
&J?I85B=N_@1C .�B=K_ND(A69476�CI6�272�@1CUB�0I8 ?D&^4�&y&^4 47:I6�256bK�&^M�C3@A4703?I6�2�jF�Z&�?3@ABJC-03KUE$698].TB�03CX472�S
:IB+Ya6�<�6�8�S�27:IB+Y &�C_6�*3.T6�2�2]B=\O25B�0V8	.T6�2"S+E$B=4�:[&+4�4�:V6;2569<=698	&^(3KIH�,L(A6�<�6"(3&^4�Y�:3@).	:_47:I6
B+<=698�?V6"CI2�@A4 ,lYb&�2y256�(A6".T476�? P :3&^8�?3(A,/270I87NI8�@127@1CIM�� RZ&�C3?�SG<=6987,|476�CX4	&+4�@A<=6�(A,�SG&^4y\ &�@1CX45698
�D0V* ?I6�C327@A47@A6"2�S"EG6�\�B�876i4�:I6b.TB�CX458	&�254�E$6".TB�K_6�2 (AB�254 @1CU4�:I6i8�@127@1CIMJEG&�.	nXM=87B�0IC3? 25B�0I8�.�6
.TB�03CX472UP���@AM[r�RTj

� 6������ .D�89

kb:I6ckM= v K_694�:IB-?gN385B+<V@1?I6�2b&�CF6
^[.�@A6"C�4oYo&",�47BLhDC3?|.�(103254769872oB+<�6�8b&UY�@1?I6'8�&�CIM=6
B=\i856�?327:3@A\�4"SOB�0V4c45B
��� Q=j�ko:I6[.�B=CX478�&�254 N385B+<V@1?I6�? &^MX&�@1C3254'47:I6`ED&=.�n-M=87B=03C3? 8	& �?3@AB�25B�0I8�.T6c.TB�03C�4�2b&^4�K5H�,F(A69<=6�(12oK`&^n�6"2a4�:I6 256�(A6".�47@AB�C[876�()&^4�@A<�6"(A,_6"&�25,�S-ED0V4�?3@1254�@1C �M�03@127:3@1CIM_4�:I6U.�(10325456�8bNGB=ND03()&^47@AB�Cl\�85B�KzEG&=.�n-M�87B�03CI?/&�C3?l\�B=8769M=85B�03C3?l27B=0I8	.T6�2bYZ@1(1(
876�d-03@A856'&>M�B-BV?F?I6"&�($B�\�6.�$B=854"SX@1?I6"&�(1(A,_0327@1CIMLK 0I(A4�@ � B=E�
p6".�4 27NG6�.T4587B�2�.TB=N-,�j � 6yCIB=476
4�:D&+4c4�:I6`?3@�^[.�03(A47@A6�2 B�\b.�(A6"&^8�(A, @1?V6"C�4�@A\�,V@1CIM/.�(103254769872>&^4c:3@AM�: � 856�?327:3@A\�4"SO6�25N$6".�@)&�(1(A,@1CH47:I6 ��856�?327:3@A\�4y?I6�2569874 � P5Q5� e 	 ��	 e=R;.TB�KLN$B�03C3?I2J4�:I6 N385B=ED(A6�K �G@1C3?I696�?HB=47:I698
&�0I47:IB=8�2 PseN��Rb:D&"<=6U&�(125B[:D&�?W?3@�^`.90I(A4�@A6�2Z@1?I6�CX47@A\�,V@1CIM�4�:I6U25,V25476�K�2Z856�27NGB�C327@AED(A6c\�B=8
A�= ?I6".T876�K_6�CX472b@1C|25B�K_6 hI6"(1?I2"j

=J0I8a476".	:3C3@1d-0V6J2�0 ��698�2 \�87B�K 4�:I6;N387B�ED(A6�K 4�:3&^4i@A4a456�C3?32a47B>hDC3?F2�0VN$6987N$B�27@A47@AB�C32 B=\
25,V25476�K�2c&^4c?I@���69876�CX4'856�?327:3@A\�4�2�S .�B=K_ND(1@).9&^4�@1CVMlK`&^4745698�2'\#0V874�:V6�8�j�kb:3@12 K`&�,HN387B�<=6
47BWE$6g&�C &�?I<^&�C�4	&^M=6�S�:IB+Ya69<=698"S�27:IB�03(1? B�CI6`YZ@127: 47BH254�03?V, 4�:I6[N$B�ND03()&^47@AB�C B=\�&
K_B=856c?3@1254	&^CX4Z.�(1032547698�0I2�@1CVM[&L\�B=856�M�87B�03CI?|.�(1032547698Z&�2Z& M=8	&�<V@A4	&^47@AB�CD&�(�(A6�C32�j

�



�  ����q���3*� V� 0 �  -���8, � 6/4�:D&�CVn }Uj w;87B�87,�S�B�0I8lvo&^()&^8`{J(A45B .TB�(1()&^EGB=8	&^45B=88��%Lj
vaB=4547698"S \>j ;i0I47456987,�S �cj�w'&^2"S �_j�%J8�&�@1CIM=6�S � j�%J8	&^@1CIM=698"S x j H�B�CI6�2�S�%Lj � BXB�(A69,XS
&�C3? �cj AV&�03C3?V6�872�SOB�0I8 vi&�KUE387@1?IM=6IA�= .TB�(1()&^E$B�8	&^45B=8�2.��&�C3? HDj kq0I\�4�2 &�C3? � j�%'&",
\�B=8F:I6�(AN YZ@A47: B=E3276985<V@1CIMGjako:I6 YaB=87n B=\+A3vzYb&^2[N$6987\�B=87K_6�? Y�@A4�: 47:I6 270ININ$B=874
B=\J& � � {Y��v � :Dw 254�03?V6"C�4�27:3@ANtS &�C3? 03CI?I698L4�:I6|&�0325ND@).T6�2 B=\�47:I6 �>j A�j wJ69NG&^854 �K_6�CX4ZB=\���CI6985M=,�S$};&^4�@AB=CD&�(q};0D.�(A6"&^8 A�6�.�0I87@A4p,l{J?3K�@1CI@127458	&^47@AB�ClE-,l4�:I6��;C3@A<=69872�@A4 ,
B=\cvi&�(1@A\�B=87C3@)&3S��t&"Y�856"C3.�6 ��@A<=698�KLB=876|};&^4�@AB�C3&�(<�t&^EGB=8	&^45B=87, 03C3?I698[.�B=CX478�&=.T4�}ZBGj
� � �<� �:� � ��CIM � � �IjOkb:I@12 K`&^45698�@)&�(�@12'EG&�256�? @1C NG&^874 0VN$B�C YiB=85nH270IN3N$B�87476�? EX,H47:I6
kt6�*3&�2�{;?I<^&�CD.T6�? �b6�256�&+8	.	: � 85B=M=8�&�K 03C3?I698y%J8�&�CX4;}�BGj��������:�F� � � �VQ.� � Q.�����3j

�  2� -�< -�� � P,

� Q
	 }>j {Uj>;o&�:D.9&�(1(�S�� j �D&�C�SI{;N H
� " � P5Q
�����XR;Q=j
� e�	 =�j�\J&�@1K`&^C�S�HDj HDjDxWB�:V8"SG%Lj � j�\ZB�(1?V6�8�SI{;N>H���� � PseN���3Q"R � � �Ij
� r�	 x j3kt6�M=K`&^87n�S3x j+=O&�(1?3&^8787@)&^MX&3S � :X,V2�j��b69<OjDw���� P�eN���=e�RJQ
�=r:�N���Ij
� ��	 HDj��Zj�;o&^87CI6�2"S���j>\�698�C3d-0I@1274�S3{ZN H ��� � P5Q.�N���XR;Q=Q8�Ij
� ��	 ;JjDx/B-B=856XSD%Lj$�t&^n�6XSI}Uj$� &^4 ��SI{ZN H ��� � P5Q.�N���XR;Q�r��3j
� ��	 {Uj _	j%=�&^ED(10I?IB��H694;&^(�j1SI{ZN H � ��� P5Q.�N���XR;Q.�F�Gj
� ��	 HDjTA�j$%'&^(1()&^M�:I698"S HDj � j =J27458�@An=698�SI{`H ��� P5Q.�:��e�RieN���3j
� ��	 x j!Ly@A6�(�S A$j�x &+4	&^85876�256XS-\>j HDj xWBGS x j % j&\J&^6�:3CV6"(A4�S k'j�kb:I6�03CI2"S x }S�Z{ A

��� � P�eN�N��e�R#�F� �3j
� ��	 % j HDj�\;@1(1(�S>A�j HDj+��@1(1(A,�SV{ZN H � � � P5Q.���IQ�RJQ�j
� Q
��	 � j }Uj�;a6�254"S3x }S�Z{ A ��� � PseN�����XR ��eN�Ij
� Q�Q�	 vJj�AX@1K_ND25B�C�S A$j>�;&"Y�(1@1CIM�2�SIxH}`��{CA �+� � PseN����e=R �IQ�Q=j
� Q�e�	 vJj HDj � @1(1(AB�474"S>A�j>�Z&"Y�(1@1CIM�2�S>��j x j>;i(10IC3?I6�(1(�SDx j��q&�.�,�S A�j { j�� &�(A6�2�x }S�Z{ A

��� � P�eN�N�3Q�R ��r��3j
� Q9r�	 HDj HDj$vaB=C3?IB�Cl694Z&�(�jASI{YH �G� � P�Q.������RJQ.�N�=r3j
� Q ��	 A$j3v 87B=\�4�S�A$j �;&"Y�(1@1CIM�2�S-%Lj HDj \;@1(1(�S � j ��j3%y&",�SPHDj �cjVkq0I\�472�S��! �"$#�%�&�')(+*-,/.�021�3

465�798:0;.=<)>�5�?A@+BC0;5�1ED60FBFGIHJ,�?K,ML�NO4P?A@�7
BRQ
*S7�S A�j ; B=87MX&^C3@�Sax jaxW6 � �969474�@�S �cj
L &^(1?D&^8�CI@1C3@�S+��?32�S3{ A � S�A-&�C �I8	&�C3.9@12�.TBGS3eN���=eIS-NtjDr:��r3j

� Q.��	 _	j }Uj>�b6�@1?g6�4Z&^(�j1S � { A � �:"+� P5Q.�N�3Q�R#���3Q=j
� Q
��	 ��j x j�A-&�?3(A698b694Z&�(�j1S3xH}`��{CA ��� � P�eN���=e�Roe�e:�Vj
� Q8��	 �cj { j2A-0ICX,X&^69<OSUT_j =$6�(WV ?IB+<V@).	:�S vaB�K�KL6"C�4�2 {J254785B=ND:X,V2�j AXNG&�.�6 � :X,V2�j �

P�Q.� �F��R ���Ij
� Q
��	 % j$v B=47456�8b694Z&�(�jAS3x }S�Z{ A �+�t� PseN����e�R;Q=j
� Q
��	 x j�;aB�(��9B�CI6�(1()&3S HDj � x jDxW@A8	&^(1(A6"2�S �cj � 6"(1(�XB_{ZY'{ � � � P�eN�N���XR � �F�3j
� eF��	 x j HDj$� 6�?3(AB+YcS �ij }>j�=JYa6�C�SI{YH �G��� P�Q.�����XR#�3j
� eVQ�	 �cj � :3@A456�S>�cj>; 6�.�n=698�S3wLj�\Z6�(A\ &�CI?�S3x j$%J8569M=MGSI{ZN H ��� � P5Q.���:�=R �P�F�3j
� e�e�	 _	j � 8�&�C3?IB�CI@ 694;&^(�j1SI{ZY'{ � �[� P�eN�N�3Q�Rar���eIj
� e^r�	 � j��bB�2�&^47@O694;&�(�jASI{YH �G��\ P�Q.�����XR �F�3j
� e<��	 x j � B�254�K`&^C�SIk j �>j��t&�0I698"S�_	j�AV��&+ND03?3@�S � j =;6�M�6�87(A6�SI{ZN H�� " � P5Q.�N���XRar=r3j
� eN��	 vJj HDj � @1(1(AB=454"S:A$j:�;&"Y�(1@1CIM�2�S�x j HDj:H�&^85<V@12�S5�_j x j�;i(103C3?I6�(1(�S�,�7
BC*-5�]_^�GM`ba�#�a�ced�f�c
� eF��	 k'j>\;&",VCI6�2o6�4Z&�(�jAS3x }S�Z{ A �+� � P�eN�N��e�RieN��eIj

�



University of California
Lawrence Livermore National Laboratory
Technical Information Department
Livermore, CA 94551


